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[57] ABSTRACT 

A data compression system uses sameness information, such 
as temporal sameness of corresponding pixels, in the coding 
process. Two sets of contexts are used, one set when a pixel 
is the same: as a sameness pixel, and one set of contexts for 
residual coding of the pixel when it is not the same. The use 
of the sameness bit saves computation because, if in decod- 
ing the one "sameness" bit, a decompressor determines that 
the pixel is equal to the corresponding pixel in a previous 
frame, then no further decoding is needed for that pixel. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of several applications using 
compression and decompression to efficiently store or trans- 
mit data; 

FIG. 2 is a more detailed view of the compressor shown 
in FIG. 1; 

FIG. 3 is a more detailed view of the decompressor shown 
30 in FIG. 1; 

FIG. 4 is a more detailed view of the context modeller of 
the compressor shown in FIG. 2; 



wti. 6 is a flow chart of the precoding process performed 
by a context modeller; and 

FIG. 7 is a flow chart of the decoding process performed 
by a context modeller. 

40 DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

FIG. I is a block diagram of a generalized application 
where compression is used. 



FIG. 1 shows several data sources, such as a video 
50 cassette 102, a still image 104, a video sequence 105 and a 
workstation 106 which produces rendered images. Where 
the data source is image data, and especially sequences of 
image frames, compression is needed because of the large 
amount of memory needed for uncompressed images or 
55 sequences. The present invention is described with reference 
to frame sequences, however the present invention is useful 
with other types of data sharing similar characteristics of 
frame sequence data. 

The data is input to a compressor 108 which, if designed 
60 correctly, outputs a compressed image or images containing 
fewer bits than the original data. If compressor 108 is a 
lossless compressor, the original data is exactly recoverable 
from the bits of the compressed data. Once the data is 
compressed, it is applied to a channel, several examples of 
65 which are shown in FIG. 1. 
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compressed fUe 220. Context modeller 202C has an input for 
accepting original pixels and a pixel , clock. 



Context modeller 202C is also coupled to a frame store 
204C, to update frame store 204C with the current pixel and 
to read context pixels or context bits from frame store 204G 



In operation, during each cycle of the pixel clock, com- 
pressor 108 accepts an input pixel (the "current" pixel) from 

45 file 200, which contains the original pixels. In response to 
the current pixel, compressor 108 outputs a number of bits 
to compressed file 220, where the number depends on the 
state of compressor 108, and can be zero bits (ie. no bits 
output in a given input pixel cycle). In the zero bit output 

50 case, the internal state of 108 is changed. This will be 
reflected in a later compressed bit or bits. 



Context modeller 202C accepts the input pixel and out- 
FIG. 2 shows compressor 108 in greater detail, along with pu ts one or more sets each of a context bin ID and a result 
an original file 200 representing a sequence of uncom- value, 
pressed images (frames) and a compressed file 220 repre- $o 
senting a compressed version of original file 200. 



65 

Compressor 108 moves the original data through a con- 
text modeller 202C, and an entropy coder 208C to form 

-11- 
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Context modeller 202C determines the context bin ID and FIG. 3 shows decompressor 122 in more detail, having 
result, according to methods explained in more detail below. many of the same elements as compressor 108. To distin- 
guish similar elements of decompressor 122 and compressor 
108, the elements of decompressor 122 are indicated by 
5 similar numbers but with a "D" suffix instead of a "C* suffix, 
such as context modeller 202D, frame store 204D, context 
model controller 206D and entropy decoder 208D compris- 
ing probability estimator 210D, context tables 212D. 214D. 
bit generator 216D and fractional bit storage 218D. 

10 



15 



Initially frame store 204C is empty, so it might not be able 
to provide contexts for very early pixels. However, the frame 
store could just be filled with an a priori value so that 
contexts can be provided for every result. After the first 
frame, frame store 204C contains at least a full frame. . 
frame store 204C fills, the oldest pixels are overwritten as 
new pixels are stored. Frame store 204C need only be large 
enough to hold the values needed to determine future 
contexts. For example, if no context referred to pixel values 
from earlier than the immediately prior frame, storage is 
only needed for one full frame. 
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The update clock clocks update buffer 414 to update 
frame store 204C after the context for the current pixel is 
obtained. Of course, if frame store 204C has enough space 3 
to hold the current pixel without overwriting any pixels 
which form the context for the current pixel, then PCLK can 
be substituted for UCLK. 

BP register 406, comparator 410, frame store 204C, and 10 
CP register 408 each provide bits or Dixels to full context • 
register 412/ 



15 



The operation of context modeller 202C during one pixel 
clock (PCLK) cycle will now be described. First, the current 20 
pixel is read into pixel register 402. CP register 408 
"addresses" frame store 204C to obtain the context pixels for 
the current pixel. An exemplary context model is one where 
the pixel to the left of the current pixel forms the context In 

this case, the pixel to the left would be read out of frame 25 HG - 6 & a flow cha rt of the process followed by context- 
store 204C, with CP register 408 indicating where the modeller 202 C to convert the current pixel into a result and 
current pixel is, and thus where the "pixel to the left" is to a conte ^ t for ^ result - Fir st, context model controller 206C 
be found. Some of the context pixels are compared by dcterm "ies the sameness context model and the residual 
comparator 410 to one another and to the current pixel. As contcxt model loads SMASK and RMASK (step CI), 
shown in FIG. 4, the current pixel (designated "X") is » 0nce 1005(5 ^ set > co^ol logic 404C cycles the pixel clock 
compared to the pixel in the immediately previous frame t0 load * e current P^el int0 P« cl register 402 (step C2). In 
which occupies the same pixel position as the current pixel some ^c^ents, control logic 404C adaptively changes 
does in the current frame (designated , T M ). The result of this ^ masks m a causal manner ' 

comparison is provided to control logic 404G The results of Ncxt ' ^ sameness context is determined (step C3) by 
other comparisons, such as the pixel to the left compared 35 u P datin g fu U context register 412 and masking with 
with the corresponding pixel from a previous frame, are SMASK- If dynamic (adaptive) context modelling is used, 
provided to full context register 412. ^ dynamic context model is determined first (step C3')- 

With the current pixel being X, the sameness test X=T is 
done (C4), and if that test result is true, a result value of 1 
40 is output (C5) along with the sameness context of the current 
pixel. The sameness test tests whether or not the current 
pixel is the same as the corresponding pixel from a previous 
frame (i.e., whether the color of the current pixel changes 
from the previous frame). This test is represented by X=T 
45 and is performed by comparator 410, which reads T from 
frame store 204C and X from pixel register 402. If X=T is 
true, no other information about the current pixel needs to be 
output 
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After the residual bit output, the bit plane is compared to 
the number of bit planes (N BP), to check if it is the last bit 5 
plane (CIO). If more bit planes remain, the BP register is 
incremented (Cll), and the process repeats at step C8. 
Otherwise, the process continues at step C12, where a test is 
done to check if any more pixels remain to be compressed. 
This step also follows step C5. If more pixels remain to be 10 
processed, control logic 404C cycles UCLK to update frame 
store 204C (C13) and then cycles PCLK to get the next pixel 
(C14). If no more pixels remain, the process terminates 
(CIS). 



Context modeller 202D checks the result (D5). If it is 1, 
indicating that the current pixel X was the same as T, context 
modeller 202D reads T from frame store 204D and outputs 
T as the current pixel (D<). Context modeller 202D then 
checks for mare pixels (D7). If there are more pixels, frame 
store 204D is updated with pixel X (D8), otherwise the 
process ends (D9). 
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35 



40 



FIG. 7 is a flow chart of the decompression process which 
is described with reference to FIG. 3 as well as FIG. 7. This 
process is performed by decompressor 122, including con- 
text modeller 202D. Context modeller 202D is similar to 
context modeller 202C, except that context modeller 202D 
inputs a result and outputs an input, thus requiting different 
control logic. 
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